Numerous studies have examined the ecology, taxonomy, and distribution of North American waterfowl, yet of 1,748 studies reviewed by Reinecke (1981) , only 8% pertained to wintering waterfowl. Fretwell (1972) emphasized that factors outside the breeding season were crucial in regulating populations of migratory species. Condition of waterfowl leaving the wintering grounds is probably important to reproduction (Paulus 1980, Krapu 
1981).
Gadwalls have been intensively studied on the breeding grounds (Gates 1958; Oring 1968; Dwyer 1974 Dwyer , 1975 Serie 1974; Blohm 1979 ) but little is known of their wintering ecology. Over three-fourths of the North American gadwall population, numbering between 500,000 and 1 million, winter in Louisiana (Bellrose 1976 
78) and 10% of the waterfowl harvest in Louisiana (Novara et al. 1981).
Fredrickson and Drobney (1979) and Reinecke (1981) considered analysis of activity budgets a useful tool in determining the needs of wintering waterfowl. Verner (1965) suggested that each species exhibited an optimal time budget for each environmental condition and that selection favored individuals whose time budgets were most adapted. I examined activity budgets of gadwalls in winter and the influence of time of day and year, weather, and social status of individuals on activity budgets. I also examined the influence of habitat and diet on activity budgets and suitability of various management practices in providing for needs of wintering gadwalls. 
STUDY AREAS AND METHODS
Gadwalls were observed in coastal southwestern Louisiana on Rockefeller and Marsh Island state wildlife refuges, both closed to hunting, and on private lands within 13 km of Rockefeller Refuge on which hunting was allowed. Brackish marsh comprised much of the study areas and several areas have been impounded to stabilize water conditions. I have described the study area in detail elsewhere (Paulus 1980 (Paulus , 1982 .
Activity budgets of gadwalls were determined by instantaneous sampling procedures (Altmann 1974 , Dwyer 1975 ) from October 1977 through April 1978. Observations were made with a 15-40 x spotting scope and 7 x binoculars. A tape recorder, stopwatch, and super-8 movie camera were used to time and record specific events.
Activity of a single individual or both members of a pair were recorded every 20 seconds at the tone of a metronome (Wiens et al. 1970 ). Activities were divided into seven categories: (1) feeding, (2) locomoting (walking, swimming, and flying not associated with courtship activity), (3) resting (loafing and sleeping), (4) preening (preening and bathing), (5) alert, (6) courting (displays and copulations), and (7) agonistic (bill threats, chasing, and biting).
Diurnal activities were recorded during 1-hour randomly selected sampling periods. Nocturnal activities were recorded during nonrandom periods under clear to mostly cloudy skies when the moon was between the first and last quarter stages. Nocturnal observations were limited to birds within 30 m of the blind. Data collected from observation periods of <30 minutes were eliminated from analysis.
During observation periods, sex and pair status of the individual observed was determined, and date, ambient temperature (C), wind velocity (using a portable anemometer), cloud cover, precipitation intensity, and water depth were recorded. For analysis, cloud cover was coded as (1) 0-25%, (2) 26-50%, (3) 51-75%, or (4) 76-100%; rainfall intensity as (0) 
RESULTS AND DISCUSSION

Feeding
On average, gadwalls spent 64% of their total time feeding (Table 2 ). Gadwall diets consisted of 95% leafy aquatic vegetation and algae, foods that were a less concentrated source of nutrients or of lower caloric content than seeds or animal matter (Paulus 1982) . Consumption of this diet probably required that individuals allocate more of their time to feeding. Other wintering anatids, such as mallards (Anas platyrhynchos) (Jorde 1981), or greenwinged teals (A. crecca) and pintails (A. acuta) (Tamisier 1976 ) consume predominantly seed matter in winter and spend less time feeding. Time spent feeding was similar among all cohorts of sex and pair status (P > 0.05), suggesting that nutritional requirements were similar.
Diurnal feeding activity was greater in morning and evening than midday but mean time feeding never declined below 50% (Fig. 1) . Time spent feeding was significantly greater at night than day (P < 0.05). Peak feeding activity during day and night usually occurred when daily temperatures were lowest and costs of thermoregulation were greatest (Table 3) . Gadwalls spent 68% of their time feeding when temperatures were less than 14 C, their lower critical temperature, and 55% (P < 0.001) when temperatures were greater. Predation pressure and harrassment, especially from northern harriers (Circus cyaneus), was observed much less at night than day, allowing for more undisturbed feeding time.
Tamisier (1976, 1978) suggested that diurnal behaviors, such as preening and resting, and nocturnal feeding were fundamental requirements of wintering waterfowl. Although some wintering waterfowl may exhibit this behavior, gadwalls did not, as resting and feeding were important during other periods of the day, as well. The tendency for gadwalls to use deeper water habitats than other anatids while feeding during the day appeared to reduce predation pressure on gadwalls, while dietary constraints probably necessitated allocation of a majority of time during day and night to feeding. Tamisier (1978) also suggested that areas used for diurnal and nocturnal activities by win- tering waterfowl were spatially segregated. However, gadwalls were rarely observed leaving feeding areas during day or night except when disturbed or during the hunting season. Seasonally, feeding activity increased from fall to early spring (Table 4 ). In fall, moderate temperatures reduced energetic demands for maintenance. Predominantly southerly winds, which raised mean tide levels and water depths throughout coastal marshes, and closure of hunting allowed gadwalls access to most suitable habitats. Energy intake was optimized by utilizing foods of highest quality and availability, primarily common widgeonweed (Ruppia maritima), baby pondweed (Potamogeton pusillus), and spiked watermilfoil (Myriophyllum spicatum) (Paulus 1982) . Under these favorable conditions, gains in lipid and body weight were greater than during any other period of the the study (Paulus 1980) . During midwinter, cooler temperatures, strong winds, and occasionally severe weather probably increased energetic demands upon gadwalls. Strong winds increased water turbulence, hampering gadwalls in locating and securing submerged food items. Many areas of marsh were made unavailable to gadwalls due to northerly winds, which lowered water levels, and hunting pressure. Also, depletion of preferred foods forced many individuals to use lower quality foods, such as dwarf spikerush (Eleocharis parvula) and coontail (Ceratophyllum demersum) (Paulus 1982) . In response to these con- Hunting pressure in marshes surrounding Rockefeller Refuge forced many gadwalls to leave these marshes during the day and use impounded marshes on the refuge. On shallow impounded areas, gadwalls spent less time feeding and more time loafing and resting than birds using shallow natural marsh and deep impoundments (Table 5 ). Time spent feeding by birds consuming dwarf spikerush, the pri- (Odum 1960 ) and utilization of a diet consisting almost entirely of algae were important factors influencing feeding rates. Most foods used earlier in the study were depleted, but warmer temperatures stimulated profuse algae blooms, especially in shallow ponds.
Most gadwalls began migrating north in mid-March, but thousands remained along coastal Louisiana into April and early May. In spring, however, feeding habitat for gadwalls decreased due to water loss in ponds from evaporation and from draw- 
Locomoting and Alert
On average, gadwalls spent 11 and 9% of their time locomoting and alert, respectively.
All cohorts spent similar amounts of time alert, but unpaired males spent more time locomoting than pairs (P < 0.01) ( Table 2 ). Factors increasing locomoting by unpaired birds included avoidance of paired birds, involvement in courtship activities, and probable need to spend more time than pairs in food search. Pairs usually dominated unpaired gadwalls and thus had greater access to preferred feeding areas (Paulus 1983) .
Time spent locomoting and alert was nearly constant during the day but declined significantly at night (P < 0.01) (Fig. 1) . At night, gadwalls moved slowly about while feeding, were rarely observed flying, spaced themselves farther apart, and rarely engaged in social activities.
Gadwall restlessness increased during periods of suboptimal weather and in certain habitats. Alert activities and locomoting were significantly correlated with cloud cover, rainfall intensity, and wind velocity (Table 3) . Warmer temperatures reduced energetic needs, resulting in less time feeding and more time spent in social and alert activities. Strong winds and precipitation limited feeding opportunities and often forced birds into more sheltered habitats. Gadwalls using large lakes or impoundments formed a tight flock in the center of the water body during severe weather. The group would then swim into the wind towards the shoreline and, as the flock approached the shoreline, the birds would take off together and fly to more sheltered marshes.
In deeper water areas, where gadwalls often formed large flocks in areas of greatest food abundance, social activities and maintenance of spatial relationships increased time spent locomoting and alert (Table 5) . High human disturbance near stream habitats was reflected in higher levels of alert activity. In contrast, areas on Marsh Island where gadwalls ate spiked watermilfoil, and were not exposed to much human activity, less alert behavior was observed (Table 6 ). Gadwalls also spent significantly less time alert (7% on, 12% off, P < 0.001) and locomoting (10% on, 12% off, P < 0.01) when on than off state wildlife refuges.
As the winter progressed, gadwalls spent less time locomoting and alert (Table 4) . This trend was influenced by a decrease in courting and other social activities, greater flock stability because most birds were paired (Paulus 1983 ), closure of the hunting season in mid-January, improving weather, and a greater need to feed.
Preening and Resting
Gadwalls spent 11 and 5% of their time resting and preening, respectively. Paired and unpaired gadwalls used similar amounts of time in preening (P > 0.05) but unpaired males rested less than other gadwalls (P < 0.05) ( Table 2) . Although unpaired males were probably not limited in their access to suitable resting sites, the allocation of additional time to locomoting and courting, in contrast to other birds, probably reduced time available for resting.
Time allocated for both activities was greatest during midday when daily temperatures were usually warmest (Table 3, Fig. 1) . Preening was more prevalent during day than night (P < 0.01); however, time spent resting increased significantly at night (P < 0.01). The predominant activity at night consisted of feeding until near midnight, followed by about an hour of resting, a few more hours of feeding, another rest period, and then feeding and social activities near daybreak. Rest periods at night may have been necessary to allow time for digestion as ingestion of large amounts of aquatic vegetation during feeding bouts may have eventually reached the capacity of the gut or crop to store and process this matter.
During periods of high winds (>23 km/ hour), gadwalls spent 20% of their time resting, probably because opportunities for feeding and social activities were less. Resting and preening were not correlated with cloud cover or rainfall intensity (Table 3).
Loafing and resting were more common when gadwalls used shallow water areas, especially on refuges (Table 5) . Gadwalls expended 38% of their time in these activities when water depths were <15 cm, while they spent significantly more time preening (6% on, 4% off, P < 0.01) and resting (16% on, 5% off, P < 0.001) while on state wildlife refuges than off.
Seasonally, time allocated to both activities declined (P < 0.001) as foraging needs increased (Table 4) . Loafing activity was minimal in spring despite use of more shallow water habitats and warmer temperatures.
Courting and Agonistic
Gadwalls spent <1% of their time courting (Table 2 ), similar to that of wintering mallards in Nebraska (Jorde 1981) . Most courting was observed in fall, and by midwinter 86% of female gadwalls had paired. Pairs were dominant to unpaired birds in most aggressive encounters and early pair formation may be important to gadwalls in obtaining preferred resources (Paulus 1983 ). Most courting occurred in the morning, and less time was spent in these activities at night than day (P < 0.01) (Fig. 1) . Some courtship activity was observed on moonlit nights and of 17 copulations recorded during the study, 1 was at night. Percent time spent by gadwalls in courtship activities was twice as great during periods of rainfall than other periods.
Females may assess males on courtship qualities, physical condition, compatibility and strength of pair bond, success in competitive interactions with other males, and efficiency of copulation (McKinney 1975, Korschgen and Fredrickson 1976) . Limited time spent in courtship activities by gadwalls in winter suggested a lesser role for such displays in pair formation. Observations suggested that pair formation may be more influenced by time spent in loose associations than courting. However, the importance of more subtle displays, which were not recorded and may be common during association periods, as well as interactions among flock members prior to arrival and on the wintering grounds, may be important factors influencing pairing activities.
Agonistic activities, composed of bill threats, biting, and chasing, comprised <1% of the mean time budget and time expended in these activities was similar among all cohorts (P > 0.05) ( Table 2) . Most agonistic activities occurred in the morning and were more common during day than night (P < 0.01) (Fig. 1) .
MANAGEMENT IMPLICATIONS
Analysis of activity budgets suggested that energetic requirements and diet choice required that gadwalls spend most of their time feeding in winter. It was also apparent that gadwall activity budgets varied depending upon the type of habitats and foods used. Although other activities were important components of gadwall time budgets, I believe that development and maintenance of habitats that provide proper foods for wintering gadwalls should be the primary management concern. Because undisturbed gadwalls do not require two geographically separate areas for feeding and loafing activities it is possible to provide for most needs of wintering gadwalls in one area.
Most foods preferred by gadwalls were found in natural marshes, and practices which favor production of foods in these areas should be emphasized. Since the maintenance of wetlands on which gadwalls rely depends upon the exchange of water between wetlands and adjacent open waters, the primary objective of coastal marsh management should be to ensure periodic flooding and drainage for proper nutrient cycling (Gosselink et al. 1979:70) .
Weirs, which prevent complete drainage at low tides, decrease water turbidity and salinity, and maintain suitable water depths for gadwalls, are effective in increasing production of aquatic vegetative foods (Larrick 1975 ).
Impounding marshes is a direct management practice that enables manipulation of water depths and maintenance of diversified habitat at a high level of productivity. About 80% of waterfowl on Rockefeller Refuge were observed on impounded areas (Chabreck 1960 1979:79). About 12,000 ha of coastal wetlands are lost annually along coastal Louisiana from natural and man-made causes (Center for Wetland Resources 1981). Observations from this study suggest that these habitat modifications will be detrimental and that reversal of these trends will be necessary if gadwalls are to be maintained at current population levels in Louisiana.
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